Background: Studies regarding blood pressure of Nepal have demonstrated a contrasting prevalence. We aimed at providing a generalized estimate of the prevalence of hypertension and prehypertension in urban, suburban, and rural areas of Nepal. Methods: This systematic review followed PRISMA guidelines. A thorough search of PubMed, EMBASE, and Web of Science was performed, and studies satisfying the eligibility criteria were reviewed. Pooled prevalence was calculated by random-effects model, and the sources of heterogeneity were explored with meta-regression and subgroup analysis. Results: Twenty-three studies with 99,792 subjects were identified, and the estimated rate of hypertension and prehypertension were found to be 27.3% (95% CI: 23.8-30.9) and 35. 4% (30.3-40.8). The prevalence of hypertension was 28.4% (22.4-34.7), 25.5% (21.4-29.8), and 24.4% (17.9-31.6) among urban, suburban, and rural populations, respectively. Moreover, rates of hypertension were found to be substantially higher in male (31.6%, 27.3-36.1) compared to female (20.0%, 14.2-26.6), and significantly higher among the middle-aged (≥40 years; 36.8%, 29.4-44.5) than among younger adults (< 40 years; 13.2%, 9.2-17.7). Further, prehypertension prevalence was found to be highest in rural areas (40.4%, 25.4-56.4) followed by urban areas (29.3%, 20.8-38.5) and lowest in suburban areas (25.5%, 18.9-32.7). Conclusions: Our study identified an alarming situation of hypertension among Nepalese males and middle-aged, and a situation of concern with prehypertension in rural areas affecting almost 40 % of the population.
Background
High blood pressure (HBP) is responsible for more than half of all strokes and coronary disease [1] , and is now considered the biggest contributor to the global burden of non-communicable diseases (NCDs) and mortality [2] . The World Health Organization (WHO) reported HBP to be more alarming in low-and middle-income countries (LMICs) [3] ; with Nepal being no exception as it is currently suffering from a double burden of diseases due to its transition from a phase of communicable diseases to that of a higher prevalence of NCDs [4] .
One study analyzing HBP in developing countries pointed out that the prevalence of hypertension in Nepal was still at a low level (< 20%) [5] , in contrast to another study conducted in the Birendranagar municipality of the Surkhet District which indicated a more severe status with an HBP percentage rising as high as 38.9% [6] . This discrepancy may have emerged due to the diverse prevalence of hypertension in different populations of Nepal. Further, the rate of prehypertension, which was also reported notably different from each other (range: 22.1-48.0%) [7, 8] , will undeniably evolve to HBP if not controlled . A more generalized estimate of hypertension and prehypertension prevalence will therefore provide an important background to health-related authorities to understand the disease's status in Nepal. Although there were three nationwide studies aiming at probing the HBP situation in Nepal [9] [10] [11] , they reported diverging hypertension and prehypertension status which probably arose due to the different age compositions of respondents and other confounders. The actual blood pressure (BP) status in Nepal urges further verification. At present, there has been no systematic review of the Nepalese prehypertension situation. Limited existing meta-analyses for hypertension have been broadly focused either on LMICs, Asian populations, or the South Asian Association for Regional Cooperation (SAARC), but none has been focused specifically on Nepal. In addition, previous studies concentrated on comparing BP status between urban and rural areas [9, 10] , while many epidemiological studies were conducted in suburban areas and the prevalence of HBP in this region need to be clarified, and targeted policies may benefit from regional analysis.
Thence, we aimed at filling this gap using strong meta-analytic evidence by merging existing scientific literature to obtain a robust generalized estimate of the prevalence of both hypertension and prehypertension in the urban, suburban, and rural parts of Nepal.
Methods

Study design
This systematic review was conducted following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [12] , and the PRISMA checklist is provided as an Additional file 1. Although the criteria for HBP is evolving, in our study the presence of prehypertension was still defined as systolic BP 120-139 mmHg and diastolic BP 80-89 mmHg; and hypertension was defined as an average BP ≥140/90 mmHg and/or the use of antihypertensive medication according to the JNC VII report [13] , because the latest criteria is not widely accepted yet and all the compiled studies complied with the JNC VII report. The method used in this study was composed of the following steps: (1) a survey of the literature for relevant studies on the prevalence of hypertension in Nepal; (2) data extraction; and after pooling data, (3) meta-analysis.
Search strategy and selection criteria
An initial search for studies by a combination of Medical Subject Headings (MeSH) terms consisting of 'hypertension' and its relevant synonyms was performed using PubMed, EMBASE, and Web of Science. The search was restricted to publications from January 2000 to August 2018 that were conducted on the human species and published in the English language. (We also searched relevant databases for possible publications in Nepalese and Chinese but none was found). The results were further narrowed by adding 'Nepal' as another key word. Two authors (Yun Huang, Pi Guo) independently reviewed the titles and abstracts culled from the searches, and full texts of potentially eligible studies were downloaded and further screened for final inclusion in our study. The eligibility criteria for inclusion were: (1) original articles from non-hospitalized and population-based surveys reporting HBP prevalence (or containing data to calculate the prevalence); (2) respondents without restriction to specific age groups or populations; (3) containing information on the study location (urban/suburban/rural); (4) presenting HBP prevalence without other associated comorbidities; (5) using a non-convenience sampling method and with a sample size above 500 participants. For studies published in more than one edition, we considered the most comprehensive one. When there was uncertainty or disagreement between the two authors as to the eligibility of a study, another author (Yuantao Hao) was asked for guidance to reach a consensus. The study selection process is shown in Fig. 1 .
Data extraction
All data were extracted independently by two authors (Yun Huang, Pi Guo) using a standardized protocol. The characteristics recorded for each eligible study included the first author's name, year of publication, study design, sampling methods, age range of participants, net sample size (the total number of participants, and the number of male and female separately), number of events (hypertensive and pre-hypertensive cases), corresponding prevalence, methods of BP measurement (the type of device used, the number of BP readings taken, and the time interval between the measurements), diagnostic criteria of hypertension, response rate, survey year, survey site, and location of study (urban/suburban/rural).
We then performed a quality assessment of the retained studies based on the completeness of the eligibility criteria, sampling strategy, age range, sample size, non-response rate, survey year, explanation of limitations of the study, and BP measurement techniques [14, 15] . In total, twelve domains were assessed. A score of 1 was allocated for those fulfilling the conditions in each domain, a score of 0.5 for partial fulfilment, and a score of 0 for non-fulfillment of the conditions. The detailed scoring table is provided as a Additional file 2. The maximum score was 12 and studies scoring 10.0 or above were considered high-qualified, those scoring 8.0-9.5 were classified as middle-qualified, and the rest were classed as low-qualified.
Statistical analysis
Meta-analysis was performed using the packages 'meta' and 'metafor' in R software (version 3.4.2). To weaken the effect of studies with extremely small or large prevalence on the overall estimate, we transformed the data with the Freeman-Tukey double arcsine function before pooling the prevalence [16] . We estimated heterogeneity among studies using Cochrane's chi-square (χ2) test and quantified it with I 2 index. I 2 is defined as the proportion of total variation provided by between-study variation, and was denoted the values of 0, 25, 50, and 75% which corresponds to no, low, moderate, and high heterogeneity, respectively [17] . A p < 0.05 from Cochrane's chi-square (χ2) test or large I 2 demonstrate substantial heterogeneity. Random-effects model was constructed to address heterogeneity in the pooled prevalence. An univariate meta-regression was performed by setting possible confounders as moderator with function 'rma.glmm' in the 'metafor' package to explore for sources of heterogeneity (a 5% level of statistical significance), then we categorized studies into subgroups according to findings from the meta-regression and performed meta-analysis for each subgroup respectively to certify the results of the meta-regression. We applied the symmetry of funnel plots and did both Begg's adjusted-rank correlation test and Egger's regression asymmetry test to evaluate publication bias [18, 19] ; a p-value of less than 0.10 was considered indicative of statistically significant publication bias.
Results
Study characteristics
In total, 953 studies were retrieved, of which 23 met the inclusion criteria in the primary review of hypertension prevalence [6] [7] [8] [9] [10] [11] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . It should be noted that one researcher (Sharma S.K.) had two publications that analyzed overlapping populations [23, 25] . In the 2010 publication we only extracted pre-hypertensive data as this was not presented in the second report, and only hypertensive data were extracted from the 2011 publication. Three other studies conducted among specific gender groups were only included in the gender-specific subgroup analysis [21, 27, 30] . As can be observed from Table 1 , the publication years spanned from 2006 to 2018. The 23 retained studies totaled 99,792 participants (ranging from 527 to 15,934 participants). In the retained studies, the majority of participants were found to be above 18 years of age. The response rates of each survey varied from 69.2 to 99.6%. Excepting two studies in which the surveyed time was not reported, eleven studies were conducted after 2010 and the other ten studies were conducted between 2001 to 2010. The surveyed sites covered Nepal broadly, among which six were from urban regions, six from suburban regions, six from rural areas, and five contained both urban and rural residents. In most of the studies analyzed, a manual sphygmomanometer (n = 12) was preferred, nine others used a digital sphygmomanometer, and two did not provide any information about the measuring device used. The frequency for taking BP measurements varied from one to four and the intervals between each measurement ranged from half a minute to half an hour. Each study was scored and ranked accordingly; out of these only three studies were identified as low-qualified [8, 30, 32] .
Burden of hypertension and prehypertension
The HBP situation in Nepal is illustrated by the Forest plot in Fig. 2 Previous reports of HBP prevalence were found to vary widely, with rates ranging from 15.1 to 38.9%. It is worth mentioning that seven out of nineteen studies showed prevalence higher than 30% and that the overall estimate was found to be 27.3% (95% confidence interval (CI): 23.8-30.9%).
The pooled regional estimates of hypertension were 28.4% (95% CI: 22.4-34.7%), 25.5% (95% CI: 21.4-29.8%), and 24.4% (95% CI: 17.9-31.6%) for the urban, suburban, and rural areas respectively. HBP was found to be substantially affecting male (31.6%; 95% CI: 27.3-36.1%) as compared to female (20.0%; 95% CI: 14.2-26.6%), and this tendency was found to be consistent in three residential areas (Table 2) .
Ten studies reported the prevalence of prehypertension [7, 8, 10, 11, 22-24, 31, 32, 36] , among which, the lowest and highest rate was 22.1 and 48.0%, and the pooled estimate was 35.4% ( Fig. 3 ; 95% CI: 30.3-40.8%). In addition, the prevalence of prehypertension was calculated to be highest in rural areas (40.4, 95% CI: 25.4-56.4%), followed by urban areas (29.3, 95% CI: 20.8-38.5%), and lowest in the suburban areas (25.5, 95% CI: 18.9-32.7%). And there was no significant difference between male (39.0, 95% CI: 33.1-45.2%) and female (37.0, 95% CI: 27.1-47.6%).
Publication bias and sources of heterogeneity Figure 4 illustrates the Funnel plot for the visual assessment of publication bias and, as observed by the symmetrical pattern, no publication bias was found. In addition, both Begg's adjusted-rank correlation test and Egger's regression asymmetry test showed no evidence of substantial publication bias (P = 0.861 for Begg's test; P = 0.875 for Egger's test).
Previous results showed a considerable heterogeneity (I 2 = 99% and P < 0.01) among retained studies. Meta-regression findings indicated that sample size (P = 0.928), gender ratio (P = 0.948), inception of survey (P = 0.721), definition of hypertension (P = 0.363), quality score of study (P = 0.347), and measurement device (P = 0.769) were not associated with the heterogeneity observed ( Table 3) . Moreover, the age of participants (P = 0.001) and quality grade of each study we ranked (P = 0.027) were identified as potential sources of heterogeneity.
To certify the findings of meta-regression, subgroup analyses for specific age and quality grade groups were performed. The HBP prevalence was found to rise with an increase in age and was significantly higher among age group 40 or above (36.8, 95% CI: 29.4-44.5%) in contrast to that below 40 years (13.2, 95% CI: 9.2-17.7%; Table 2 ). Considering data limits, we just performed subgroup analyses for high-(22.6, 95% CI: 16.4-29.5%), middle-(38.6, 95% CI: 36.9-40.3%), and low-(21.4, 95% CI: 19.1-23.7%) qualified studies within rural areas. It is noticeable that HBP prevalence among middle-qualified studies was actually higher than rates among high-qualified and low-qualified studies.
Discussion
The pooled prevalence of HBP obtained from our study was found to be 27.3% (95% CI: 23.8-30.9%), higher than that reported in low-income countries (23.1%), but similar to the average rate in the SAARC regions (27.1%) and that reported in the Nepal nationwide STEPS survey (25.7%) [9, 37, 38] . A previous systematic review performed by Neupane D, et al. demonstrated partly comparable results with ours (29.7%; 95% CI: 26.9-32.6%) [38] . However, there are some notable differences. First, Neupane D, et al. aimed at the entire SAARC region's HBP prevalence and its associated risk factors rather than primarily focusing on the HBP prevalence of Nepalese as presented in our study. Second, they only included five original researches into their meta-analysis, which totaled nearly one-quarter of our participants (n = 22,939) and one of their included studies accounted for males only was not representative of Nepalese in general. Thus, a more comprehensive analysis was necessary to reveal the present Nepalese HBP situation.
Previous literature on HBP prevalence often categorized residents by urban and rural regions, while we subdivided residents into three categories, namely urban, suburban, and rural, for an improved practical and factual analysis. Based on the regional analysis, although the HBP status appeared somewhat more severe in urban regions, we found that the prevalence of the three areas was comparable, and this was in accordance with an insignificant difference between urban and rural habitation presented in previous studies [9, 10] . The primary driver for this observed phenomenon may be rapid urbanization, change in dietary patterns, and behavioral factors like smoking and harmful drinking that result in suburban and rural residents catching up with urban populations in the process of exacerbating NCDs [39] . Higher HBP prevalence in male compared to female was found in our study, which was similar to that of two previous systematic reviews [37, 38] . It is worth mentioning that there were only two studies [20, 22] , out of the seventeen which mentioned prevalence in both male and female, that reported no considerable differences between the genders. In addition, our findings also revealed that higher HBP in male was consistent in urban, suburban, and rural areas. This gender difference may be attributed to male as they are more easily exposed to behavioral risk factors, such as a significantly high level of tobacco and alcohol use [31] .
The pooled prehypertension prevalence in our findings was similar to the estimated global figure (35.4% vs. 38.0% respectively) while higher than that of the SAARC region (29.6%) [38, 40] . Furthermore, results of this meta-analysis identified that the prevalence of prehypertension is more alarming in Nepalese rural populations (40.4%), with the status in urban residents (29.3%) concerning as well, while suburban residents comparably retain a more "comfortable" status (25.5%). We did not find significant differences between male and female as previous reviews did [38, 40] . It is undeniable that prehypertension would probably lead to a considerable burden of hypertension in the coming future. Thus, an urgent need for prioritizing its status is strongly recommended. The findings of this study provide crucial information for Nepalese local authorities to distinguish where to focus awareness and screening programs.
The reported HBP prevalence varied considerably across the included studies indicated a notable heterogeneity. The results of meta-regression and subgroup analyses suggested that heterogeneity was directly associated with the age of participants and the quality grade of the included studies. Further, we found that the prevalence was significantly higher in the middle-aged (≥40 years) compared to that in younger adults (< 40 years). Based on the wide and multi-database literature-search , we are the first to provide strong evidence for such an age boundary. A reasonable explanation was given by a previous study which suggested that age-related structural changes in blood vessels gradually lead to narrowing of the vascular lumen, and consequently could increase the risk of acquiring HBP [41] . For studies conducted in rural areas, middlequality studies showed a significantly higher prevalence.
As to the heterogeneity resulting from respondents' age, we recalculated the HBP prevalence, with the exclusion of three studies, that included a non-generalized age range without younger adults [6, 20, 24] , and the estimate was found to decrease slightly from 27.3 to 26.5% (95% CI: 22.7-30.6%), this may be a more precise figure reflective of present Nepalese hypertension status. It is worth mentioning that Nepal has developed the national Multi-sectoral Action Plan for prevention and control of NCDs (2014-2020), including hypertension prevention and management for the prevention of cardiovascular disease [42] . One of the programs under the action plan is the WHO Package of Essential Non-communicable disease interventions for primary health care in low-resource settings, which began implementation in Nepal in 2016. The program will cover 75 districts in a 5-year period in Nepal and will continue providing access to the diagnostic services in primary health care settings [43] . These plans may bring feasible ways of mitigating the burden of NCDs.
To our knowledge, this is the first comprehensive report targeted at evaluating the scientific literature on the prevalence of hypertension and prehypertension in the urban, suburban, and rural populations of Nepal. Despite such findings, there are some limitations of this study that should be mentioned. Studies from only three of the most commonly used platforms (PubMed, EMBASE, and Web of Science) were searched. Several included articles provided only a crude prevalence with no specified hypertensive events. Further, a noteworthy heterogeneity was observed among retained studies so that large-scale nationwide and more representative epidemiological studies are needed to confirm the results of this study. 
